Introduction
We presented here next step in our last years program to apply the method of interacting configurations in the complex number representation (the ICCNR method) to the complex atoms description. The previous step was considered in [1, 2] , where this method on the example of beryllium atom has been demonstrated.
The ICCNR method was suggested in papers [3] [4] [5] and successfully applied to the description of the quasistationary states of helium formed at its electron ionization in the energy interval above the threshold of excited ion formation. At the modern stage in the development of this method, a principal possibility is its application to the calculation of ionization processes in more complicated atomic structures.
Our step by step transition from the He atom description to the complex atoms consideration has been realized via the problem of ionization of H − , Li + ions [6, 7] up to the enough complex atoms (such as Be, Mg and Ca) investigations. The results were reported at the international conferences [6, [8] [9] [10] [11] as some approbation of the method and found data. The complete description of the method formalism was given in [12] , see, e. g., [13] as well. In [14] the choice of the ground state wave function for such precision calculations of the quasistationary states parameters has been considered and discussed. One of the goals of these investigations is to demonstrate that the ICCNR method can be useful for the complex atoms study on the level of popular Rmatrix approach, see, e. g., [15] . The comparison with theoretical calculations in other methods has been considered as well.
Thus, the ICCNR method is applied here to the calculation of spectroscopic characteristics of autoionizing states (AIS) of Mg and Ca atoms in the problem of the electron-impact ionization of these atoms. In particular, the energies and the widths of the lowest ( 1 S, 1 P, 1 D, and 1 F ) AIS of Mg atom, and the lowest 1 P AIS of Ca atom, are calculated. Few results in the photoionization problem on the 1 P AIS above the n=2 threshold of helium-like Be ++ ion are presented as well. The first three 1 P resonances above the n=2 threshold are considered. Found results are compared with [16, 17] .
The exact quantum mechanical methods are welcome here because the experimental investigations of some atoms (e. g., beryllium atom) are complicated due to its chemical properties.
Some known results for Mg atom [18] [19] [20] are compared with our calculations in ICCNR method. Furthermore, our results (found in ICCNR method) for Ca atom are compered with experimental and theoretical investiga-tions [21] [22] [23] .
Note that the analysis of the loss spectrum of ejected electrons made it possible to compare indirectly the obtained results with the results of studies of the scattering problem.
As one can see in the literature, beryllium [16, 17, 19, , magnesium [18-20, 24, 25, 45-58] and calcium [21-23, 59, 60] atoms turns out to be the promising objects for researches.
Some backgrounds of the method
The ICCNR method is a well-defined quantummechanical method for the calculation of parameters of atomic systems. This method is a development and a generalization of the known method of interacting configurations in the real number representation. It has some advantages in comparison with the standard method of interacting configurations in the real number representation and other calculation methods for the energies and widths of quasistationary atomic states. First, this is a capability of finding not only the energies, but also the widths of quasistationary states. Second, there are new possibilities for the resonance identification. The ICCNR method makes it possible, on the basis of the results of calculations, to estimate the contribution of each resonance state to the cross-section of the process and, if the resonance approximation is applicable, to introduce a set of parameters that determine the energies and the widths of quasistationary states, as well as the contours of resonance lines in the ionization cross-sections. In the concrete problems this approach also enables to investigate the applicability of approximate methods of cross-section estimation and to determine the limits of their validity. Those advantages make it possible to apply successfully the ICCNR method not only to scattering processes, but also to much more complicated processes such as ionization of atoms by electrons.
Consider the equation of the examined reaction
where
k are the momenta of the incident, ejected, and scattered electrons, respectively. Then the generalized oscillator strength of the transition for the incident electron in the Born approximation is given by
(2) In this formula E = k 2 0 − k 2 is the energy loss,
k is the transmitted momentum, and |nl 1 El : LS 0 is the wave function of an atom with total momentum L and spin S 0 provided that an electron with momentum l and energy E is in the field of ion A + , whose electron has the quantum numbers |nl 1 . The function of the atomic ground state is given by |n 0 L 0 S 0 .
Note that process (1) is a much more complicated physical phenomenon in comparison with the electron scattering by an atom. Exact theoretical calculations of such processes constitute a problem for modern theoretical physics. Therefore, the consideration of this problem for multielectron atoms in the framework of the ICCNR method is an important and challenging scientific step.
More details of the ICCNR method formalism can be found in [12] .
The results of calculations
Here the electron-impact ionizations of the Mg, Ca atoms in the interval of AIS excitation are considered. The corresponding results [1, 2] for beryllium atom are discussed briefly as well. Furthermore, some results for helium-like Be ++ ion are given.
Energies and widths of helium-like Be
++ ion below the n=3 threshold autoionizing states of Be atom
In articles [1, 2] energies and widths of the lowest AIS ( 1 S, 1 P, 1 D, and 1 F ) of a beryllium atom has been presented. These resonances were obtained in the ICCNR approximation in the problem of the electron-impact ionization of an atom. The indirect comparison with results of corresponding scattering problem has been fulfilled. Furthermore, the energies of 1 P states, which are located between the first and second ionization thresholds of a beryllium atom, are found and compared with the results of calculations obtained by other authors (see, e. g., [5-10] in [2]). In calculations, the Coulomb wave functions were used as basis configurations. For every term, up to 25 basis configurations were taken into account.
Here we are able to add energies and the widths in the photoionization problem of the 1 P AIS below the n=3 threshold of helium-like Be ++ ion. The first three 1 P resonances above the n=2 threshold are presented. The results are compared with theoretical calculations of [16, 17] . Table 2 ). Since another problem has been considered in article [19] -namely, the scattering one -such a comparison is indirect. In paper [19] the calculations were carried out in the diagonalization approximation. Second, in the framework of the problem of the electron-impact ionization of atoms, the energies of 1 P -states must coincide with those obtained in the problem of photoionization of a Mg atom. Therefore, a direct comparison of our results with experimental ones [18] and with the results of calculations on the basis of the R-matrix method [20] can be made. In Table 3 , the energy positions and the widths calculated for the 1 P AIS of a magnesium atom with the use of the ICCNR method are directly compared with the experimental data of paper [18] and the theoretical data obtained with the help of the R-matrix formalism [20] , as well as with the problem of electron scattering by a Mg + ion [19] . Thus, the original scientific results obtained with the help of the ICCNR method [3-5] for the energies and the widths of the lowest AIS ( 1 S, 1 P, 1 D, and 1 F ) of a Mg atom in the problem of electron-impact ionization of this atom are presented (see Table 2 ). Their novelty consists in the application of the exact calculation method, namely, the method of interacting configurations and, moreover, the ICCNR method. The comparison with the calculations of corresponding energies and widths of AIS carried out in the diagonalization approximation in the problem of electron scattering by Mg + ions (Table  2) is indirect (a different object in a different problem), but really testifies to the reliability of the results obtained. Some of the results obtained here, namely, the energy positions of the 1 P AIS of a Mg atom, can be directly compared with the experiment and the R-matrix calculations (see Table 3 ). The results of calculations carried out with the use of the ICCNR method are in good agreement with the corresponding calculations using the R-matrix method [20] and experimental results [18] (see Table 3 ).
Electron-impact ionization of a Ca atom in the interval of the excitation of autoionizing states
The application of ICCNR method to calculate the lowest AIS of calcium atom was started in paper [11] . The energies and the widths of the lowest 1 P -states were calculated. The results were compared with the data obtained by other authors. In Table 4 , besides the results of our calculations, the experimental data [21] and the results of theoretical calculations [22, 23] are shown. Analysis of the presented data testifies that the classification of AIS proposed in work [22] is possible. Thus, the results of our calculations agree well with the theo- Table 2 . Energies and widths of the lowest AIS ( 1 S, 1 P, 1 D, and 1 F ) of a Mg atom obtained in the ICCNR approximation in the problem of electron-impact ionization of an atom. In paper [19] , the energies of autoionizing states were calculated in the diagonalization approximation in the framework of the problem of electron scattering by a Mg + ion 1 S E, eV Γ eV E, eV [19] Γ eV [19] 
Conclusions
The method of interacting configurations in the complex number representation, which was applied earlier to the description of quasistationary states of a helium atom [3] [4] [5] , is under consideration. The calculation of the ionization processes for more complicated atomic systems is suggested. The spectroscopic characteristics of the lowest AIS of Mg, Ca atoms were studied in the problem of the electron-impact ionization of these atoms (some results for helium-like Be ++ ion are presented as well). The energies and the widths of the lowest AIS ( 1 S, 1 P, 1 D, 1 F ) of Mg atom, and the lowest ( 1 P ) AIS of Ca atom, were calculated. The found results were compared with known experimental data and calculations on the basis of other methods. Hence, we may draw conclusion about a successful verification of the Table 3 . Comparison of the energies and the widths of the AIS of a magnesium atom found with the use of the ICCNR method with the experiment [18] and calculations for 1 P -states [20] (paper [20] : the photoionization problem and the photoionization threshold; article [19] : the scattering problem)
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